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2?????? 0101? 1100?XOR??????0101 ⊕ 1100 = 1001????
??????????? 1001?????????????? 1?? 0101?













2. ??????????P1? P2??? P1 ⊕ P2? 3?????????
???
3. ???????????????????????????
• P1? P2??????????????? 2?????????
???????????????? P1 ⊕ P2?????????
????????????
• P1??????? P2? P1 ⊕ P2??????????????
????????? P1???????
P2 ⊕ (P1 ⊕ P2) = P1 (2.1)
• P2??????? P1? P1 ⊕ P2??????????????
????????? P2???????
P1 ⊕ (P1 ⊕ P2) = P2 (2.2)



















































































R1 P1 P2 P3 P4 P5 P6
R2 P4 P5 P6 P7 P8 P9










R1 P1 P2 P3 ⊕ P4 P4 ⊕ P5 P5 ⊕ P6 P6 ⊕ P1
R2 P4 P5 ⊕ P8 P6 ⊕ P7 P7 ⊕ P8 P8 ⊕ P9 P9 ⊕ P4
R3 P7 P8 ⊕ P2 P9 ⊕ P1 P1 ⊕ P2 P2 ⊕ P3 P3 ⊕ P7
??????????????????




R1 P1 P2 P4 ⊕ P5 P5 ⊕ P6
R2 P6 ⊕ P7 P7 ⊕ P8 P9 ⊕ P4





???? P1, P2, · · · , P9?????????????? 2.3?? P1, P2, P7??
?????? P2? P7????????XOR?????????????
???????XOR???????? 3?????????????
(P2 ⊕ P3)⊕ P2 = P3
(P6 ⊕ P7)⊕ P7 = P6





? 2.4: ?? 1????????????
?????????
P1 P2 P3 P6 P7 P8
13
?? 2
? 2.4?????? P6?? 2.3? P5 ⊕ P6??????
(P5 ⊕ P6)⊕ P6 = P5
?????????????????? 2.5????
? 2.5: ?? 2????????????
?????????
P1 P2 P3 P5 P6 P7 P8
?? 3
? 2.5?????? P5?? 2.3? P4 ⊕ P5??????
(P4 ⊕ P5)⊕ P5 = P4
?????????????????? 2.6????
? 2.6: ?? 3????????????
?????????
P1 P2 P3 P4 P5 P6 P7 P8
?? 4
? 2.6?????? P4?? 2.3? P9 ⊕ P4??????
(P9 ⊕ P4)⊕ P4 = P9
?????????????????? 2.7????
? 2.7: ?? 4????????????
?????????
P1 P2 P3 P4 P5 P6 P7 P8 P9





















? 3 ? 2.2???9???????????? P1, P2, · · · , P9??????
?????? 1??? 2.4???? 9???????????
? 2.4: ? Pi??????????
15
? 2.2?????P1, P2, P4, P7?XOR????????????? 2??
? 2.5????????????????????????????
? 2.5: ??????







??????? 2.7?P3 ⊕ P4????????? 2.8???????
? 2.7: ???? P1????????
? 2.8: ???? P3 ⊕ P4????????
??????????????????????








? 4 3?????? P1, P2, P3????? 2.9? 3??????????
復号可能である 復号可能である 復号可能ではない
? 2.9: ???????????????
????????? P1, P2, P3??????????????? 1???
????????????????????? 1???????????
?????????????????P1? P2, P3???????????




























x = 0???????G?? 0??????????????????
????????CG0 ???????G?? 0????????????
????????????????????????????G???




x = 1???????G?? 1??????????????????
??????CG1 ???????G???? 1????????????
???????????? 1?????????????? 5C1 = 5??
19
??????? 5???????? 2.11?????????????? 5
??????????????????????CG1 = 5C1 = 5????
? 2.11: ???G???? 1????????????
x = 2??
???G???? 2???????????????????x = 1?
????? 5C2 = 10????????? 10??????????????
? 2.12? 2??????????????????????????? 2
??????????????????????CG2 = 5C2− 2 = 10− 2 = 8
????
? 2.12: ???G???? 2????????????????????
??????
20
3 ≤ x ≤ 5??
x? 3?????????????????????????????
?????CG3 = CG4 = CG5 = 0????
?????????? 2.10????G?CGx ?????? 2.8????
? 2.8: ? 2.10????G?CGx ????
x 0 1 2 3 4 5





?? 2 (Byrne? [7]) XOR????????????? r???????
???????????????????G??????G?????
2r− 1?????????????????????G????????
????????????G??????????LG? 2r − 1 ≤ LG ≤ 2r
???CG2r−1???????










? 6 4-bit?????????????????P1 = (1, 0, 0, 1)?P2 = (0, 0, 1, 1)
???????? 2???????XOR??????
P1 ⊕ P2 = (1, 0, 0, 1)⊕ (0, 0, 1, 1) = (1, 0, 1, 0)
????
????P1? 1????? P2? 2???????BFE????????
? Pˆ1 = (0, 0, 0, 1)? Pˆ2 = (0, 1, 1, 1)???????? 2???????XOR?
?????
Pˆ1 ⊕ Pˆ2 = (0, 0, 0, 1)⊕ (0, 1, 1, 1) = (0, 1, 1, 0)





























P1 = (1, 0, 1, 1, 0, 1, 0, 1, 1, 1, 0, · · · , 0, 1, 1, 0, 0, 1, 1, 0, 0, 0)
P2 = (0, 1, 1, 1, 1, 0, 0, 0, 1, 1, 1, · · · , 1, 0, 1, 0, 1, 0, 1, 1, 0, 1︸ ︷︷ ︸
51-bit
)
?? 2???????????51-bit XOR????? P1? P2?XOR??
???????? P1 ⊕ P2????
















??????? 51 × 63?????G?????????????G??
51× 51?????? I?51× 12? 0, 1?????????A????
G = (I|A) (2.4)
?????????????? 51-bit?????????? 1× 51???
??? u????????????????????????? 63-bit?
23
????????? 1× 63????? c?
c = uG (mod 2) (2.5)
???????
?????????? 2.2?????????????????????
????????? 2????????????????? 2?? 51-bit
????????????????????????????????
???




? 2.13: BCH→XOR??????5????? 2????




































State machine ? ?????????????????????








? 3.1: ???? FPGA????
3.2.2 ??????
BCH(63,51)???
????? 63-bit?????????????? c?? (2.5)?????
????????c?????? c????? 12???????????
p1, p2, · · · , p12????????????
?????????????? pi ???? A?? i???????
ai(i = 1, 2, · · · , 12)????
pi = u · ai (mod 2) (3.1)
27




















? 3.2: The BCH(63,51)???
51-bit XOR???




















BCH(63,51) 51-bit XOR 63-bit XOR




















? 7 (???? [7]????) ??????? 9????? 2??????? 3
?????????? 4.1???????????????????????
??????????R1??P1, P2, P3, P4, P5, P6?R2??P4, P5, P6, P7, P8, P9?
R3?? P7, P8, P9, P1, P2, P3???????????????
? 4.1: ???????????
??? ????????????????????
R1 P1 P2 P3 P4 P5 P6
R2 P4 P5 P6 P7 P8 P9




? 8 ??????? 9????? 2??????????????R1??
????????? 4.2??????????????????????




















? 4.1: ???? 1????
? 4.3: ???? 1???
?????MS?????????
P1 P2 ⊕ P5 P3 ⊕ P4 P4 ⊕ P5 P5 ⊕ P6 P6 ⊕ P1
P4 P5 ⊕ P8 P6 ⊕ P7 P7 ⊕ P8 P8 ⊕ P9 P9 ⊕ P4
P7 P8 ⊕ P2 P9 ⊕ P1 P1 ⊕ P2 P2 ⊕ P3 P3 ⊕ P7
???? 2
???? 2??? 4.4??????????????? 1?P2⊕P5, P3⊕P4
??????????? P2 ⊕ P4, P3 ⊕ P5???????????????
?????????????? 4.2????
? 4.2: ???? 2????
? 4.4: ???? 2???
?????MS?????????
P1 P2 ⊕ P4 P3 ⊕ P5 P4 ⊕ P5 P5 ⊕ P6 P6 ⊕ P1
P4 P5 ⊕ P8 P6 ⊕ P7 P7 ⊕ P8 P8 ⊕ P9 P9 ⊕ P4
P7 P8 ⊕ P2 P9 ⊕ P1 P1 ⊕ P2 P2 ⊕ P3 P3 ⊕ P7
???? 3




? 4.3: ???? 3????
? 4.5: ???? 3???
?????MS?????????
P1 P2 P3 P4 ⊕ P5 P5 ⊕ P6 P6 ⊕ P4
P4 P5 P6 P7 ⊕ P8 P8 ⊕ P9 P9 ⊕ P7
P7 P8 P9 P1 ⊕ P2 P2 ⊕ P3 P3 ⊕ P1
???? 4
???? 4??? 4.6????????????????? 4.4????
???? 4???????P1?? P9??? 9????????????
??????????????????
? 4.4: ???? 4????
? 4.6: ???? 4???
?????MS?????????
P1 P2 P3 P4 ⊕ P5 P5 ⊕ P6 P6 ⊕ P7
P4 P5 P6 P7 ⊕ P8 P8 ⊕ P9 P9 ⊕ P1









P1 P2 P3 P4 P5 P6
P4 P5 P6 P7 P8 P9




?? 1? ?????????????? 18?????????????
??????????????????????????
?? 2? ????????????? q???????????????
??????????????????????
?? 3? ?????????????????P1, P2, · · · , P9???????
???????????????????MS?????????
??????
? 9 ??????????? 1???????????
?? 1
???? 1??????????? 4.8? 18????????????
? 4.8: ?? 1????????
?????????
P1 P2 ⊕ P5 P3 ⊕ P4 P4 ⊕ P5 P5 ⊕ P6 P6 ⊕ P1
P4 P5 ⊕ P8 P6 ⊕ P7 P7 ⊕ P8 P8 ⊕ P9 P9 ⊕ P4
P7 P8 ⊕ P2 P9 ⊕ P1 P1 ⊕ P2 P2 ⊕ P3 P3 ⊕ P7
?? 2
????????????? q???????????? 4.9????
P2 ⊕ P5, P6 ⊕ P1, P3 ⊕ P7, P8 ⊕ P2, P9 ⊕ P1?????????
34
? 4.9: ?? q?????????????
?? 2????????????
P1 P3 ⊕ P4 P4 ⊕ P5 P5 ⊕ P6
P4 P5 ⊕ P8 P6 ⊕ P7 P7 ⊕ P8 P8 ⊕ P9 P9 ⊕ P4
P7 P1 ⊕ P2 P2 ⊕ P3
?? 3
???????????????????P1, P4, P7?MS???????
??????????? P2, P3, P5, P6, P8, P9??????????
???P2, P5, P8???????????????????? 2????
???? P1, P4, P7? P1 ⊕ P2, P4 ⊕ P5, P7 ⊕ P8????
P1 ⊕ (P1 ⊕ P2) = P2
P4 ⊕ (P4 ⊕ P5) = P5
P7 ⊕ (P7 ⊕ P8) = P8
???????
???P3, P6, P9?????????????????????????
P2, P5, P8??? 2???????? P2 ⊕ P3, P5 ⊕ P6, P8 ⊕ P9????
P2 ⊕ (P2 ⊕ P3) = P3
P5 ⊕ (P5 ⊕ P6) = P6
P8 ⊕ (P8 ⊕ P9) = P9
???????
?????P2, P3, P5, P6, P8, P9???????????? 2???????
?P1, P4, P7???????P1, P2, · · · , P9????????????????
????????????????????????????????



















????q??????????? 3? 4?DEP????? 1? 2???
????????????????????????? q???????
q? 0.3???????DEP???? 0.12??????????????
?????? 1????? 2?DEP? q????????????????



















????G ∈ D(n,m)??????????? PG??????????
?????DEP?????????????????????????
????G ∈ D(n,m)????DEP??? PG??????
DEP = 1− PG (4.1)
???????????????????G ∈ D(n,m)? PG??D(n,m)
??????????H? PH ???????
PG ≥ PH (4.2)
????H??????????G????? n????m??????
?????????????????????????
????? (4.2)????????G ∈ D(n,m)???????????
?????????????XOR??????? (4.1)????????
37
? n????? mn ????????DEP???????????????
???? 2?????????????????????? n?????
??m = 2n????????????????????? (4.2)????
????G ∈ D(n,m)???????????DEP?????XOR??
???????????
???? (4.2)????????G ∈ D(n,m)????????????
??????
?? 1 G????? n????m????????????G?? x??
???????????????????????CGx ????????
????H ∈ D(n,m)????
CGx ≥ CHx (4.3)
? x = 0, 1, . . . ,m????????????G?H???????? PG?
PH ????










??????????????????????? q? 0 ≤ q ≤ 1????
?? x = 0, 1, · · · ,m???? qm−x ≥ 0, (1− q)x ≥ 0?????
qm−x(1− q)x ≥ 0 (4.5)
???????????????????? x = 0, 1, . . . ,m????? (4.3)
??????


















? CGx ??????????? (incidence matrix)??????????
????????????? Pi??? ek??????????????
??????? |E|× |V |? 0-1??????
• ? ek??? Pi? Pj ????????????? (k, i) = (k, j) = 1?
???
• ? ek??? Pi?????????????? (k, i) = 1????
• ?? 2???????????? 0????
? 10 ? 4.7????????????????????????????
e1??? P1??????????? (1,1)? 1????????? e3??

















? 11 ? 4.7?? e1? e4???????????????????? 4.8?
?????????????? 3?????????????????







?? 1? ???G?????????? x??????x???????
mCx?????????????
?? 2? ??????????????? n???????????CGx
????
40
??????????? n????? 2???????????? n??
?? 2n?????????????????????????????
????????? x = 0, 1, 2, · · · , n????CGx ???????? x??
??? (4.2)????????G????????????????n??
???????????????????????????? n = 4, 5, 6
?????????????????????MATLAB?????
4.2.2 ????










? x = 0, 1, 2, 3, 4????? 4.3????????G????? 4.11,4.12?
?????????XOR??????????? 4.10,4.11?????
? 4.11: ?CGx ?????????G
? 4.10: ? 4.11???????
?????MS?????????
P1 P3 P2 ⊕ P3 P3 ⊕ P4
P2 P1 ⊕ P2 P2 ⊕ P4 P4 ⊕ P1
? 4.12: ?CGx ?????????G
? 4.11: ? 4.12???????
?????MS?????????
P1 P3 P1 ⊕ P2 P2 ⊕ P3
P2 P4 P3 ⊕ P4 P4 ⊕ P1
??? G ∈ D(n,m)?????m ≥ n???????? [7]?????
x ≥ m− n + 1??????G?? x????????????????
?????????????x ≥ 5???CGx = 0???????????
????
??????????????????CGx ?? 4.12????????
? 4.12: ? 4.11,4.12?????CGx ????
x 0 1 2 3 4
CGx 1 8 28 52 45
42
n = 5???
? x = 0, 1, 2, 3, 4, 5 ? ? ? ? ? 4.3 ? ? ? ? ? ? ? ? G ? ? ? ? ?
4.13,4.14,4.15??????????XOR???????????4.13,4.14,4.15
?????
? 4.13: ?CGx ?????????G
? 4.13: ? 4.13???????
?????MS?????????
P1 P4 P2 ⊕ P3 P3 ⊕ P4 P5 ⊕ P1
P2 P1 ⊕ P2 P2 ⊕ P5 P4 ⊕ P5 P1 ⊕ P3
? 4.14: ?CGx ?????????G
? 4.14: ? 4.14???????
?????MS?????????
P1 P4 P2 ⊕ P3 P3 ⊕ P4 P5 ⊕ P1
P2 P2 ⊕ P5 P3 ⊕ P5 P4 ⊕ P5 P1 ⊕ P3
? 4.15: ?CGx ?????????G
? 4.15: ? 4.15???????
?????MS?????????
P1 P3 P1 ⊕ P3 P3 ⊕ P4 P5 ⊕ P1
P2 P4 P2 ⊕ P3 P4 ⊕ P5 P5 ⊕ P2
43
?????????????????CGx ?? 4.16????????
? 4.16: ? 4.13,4.14,4.15?????CGx ????
x 0 1 2 3 4 5
CGx 1 10 45 116 177 135
n = 6???
? x = 0, 1, 2, 3, 4, 5, 6????? 4.3???????? G?????
4.16,4.17,4.18??????????XOR???????????4.17,4.18,4.19
?????
? 4.16: ?CGx ?????????G
? 4.17: ? 4.16???????
?????MS?????????
P1 P5 P2 ⊕ P3 P3 ⊕ P4 P5 ⊕ P6 P6 ⊕ P1
P3 P1 ⊕ P2 P2 ⊕ P5 P4 ⊕ P5 P1 ⊕ P4 P3 ⊕ P6
? 4.17: ?CGx ?????????G
? 4.18: ? 4.17???????
?????MS?????????
P1 P5 P3 ⊕ P5 P3 ⊕ P4 P5 ⊕ P6 P6 ⊕ P1
P3 P4 P2 ⊕ P4 P2 ⊕ P6 P4 ⊕ P6 P1 ⊕ P4
44
? 4.18: ?CGx ?????????G
? 4.19: ? 4.18???????
?????MS?????????
P1 P5 P1 ⊕ P3 P3 ⊕ P4 P5 ⊕ P6 P6 ⊕ P1
P2 P4 P2 ⊕ P3 P2 ⊕ P6 P3 ⊕ P5 P4 ⊕ P6
?????????????????CGx ?? 4.20????????
? 4.20: ? 4.16,4.17,4.18?????CGx ????
x 0 1 2 3 4 5 6
CGx 1 12 66 216 456 612 432
????? n???CGx ?????????G???????????
?????? [7]?????????????????????????
?????????????n = 4??????? 4?????? 4.12??








??XOR????????????? ??????? n = 4, 5, 6???































??? 2? BCH(63,51)????????? 63-bit XOR?????????
?? 2.13????






? 5.1: ??? 1???????
??????????????????????????????
?? 1?9?? 51-bit????? P1, P2, · · · , P9?????????????
??BCH(63,51)?????????????????????????
?? P ′1, P
′
2, · · · , P ′9?????????
?? 2??P ′i (i = 1, 2, · · · , 9)?P ′i = P ′(i,1) = P ′(i,2)????P ′(i,1)?P ′(i,2)????
48
????????????????????? P ′(1,1), P
′
(1,2), · · · , P ′(9,1), P ′(9,1)?
18??????
?? 3????????????????? q????????????
???????????????????? P ′(i,j)(j = 1, 2)???????
??????????????? p?BFE??????????????
????????????????????











!"# !$ #% # !&
!"'# !$'# % # !&'
!"#$%&'()*+,-./01-2
%&3415+678+,-./01-2
!("#")' # !($#*)' # % # !(+#,)'
9/1:;+"<=--,>
$1*+?,5+-(.#/) 0 12345 1@+!(.#/)' 1:+,A=:,0+1-+5<,+5A=-:B1::1/-C
$11*+D/A+=>>+E=.F,5:+!(.#/)' G<1.<+=A,+-/5+,A=:,0'+EA/H/F,+!DI:+G15<+EA/4=41>15;+6C+J-0'+:,5+-(.#/) 0 7895C
!"' KL+!("#")'!$':!*' KL+!($#*)' !"#+0,./01-2
678+0,./01-2
"<,.F+M+D/A+=>>+; 0 < 7= >- ?#? 0 7895 2@A (! ?#?' 0 !? ) N
!"#$%&#'()$$#((* !"#$%&#'+,-.)/#*
O,: 9/
? 5.2: ??? 2???????
??????????????????????????????
49
?? 1???? 1??? 1?????9?? 51-bit????Pi(i = 1, 2, · · · , 9)?
????????????????BCH(63,51)???????????
?????
?? 2?? 5.3?????XOR???????????P ′i ?? 18?????
????????????63-bit????????XOR?????? 63-bit





????????? 5.3?????? 4??????????????? 9?
???? 2????????????????????????????
? 5.3: ? P ′i ??XOR??????







m ⊕ P ′n (when m (= n)
P
′
m (when m = n)
????P ′(2,5) = P
′
2 ⊕ P ′5?? P ′(1,1) = P ′1????




????????????? b(m,n) = false?????? 4???????
? 2?????? 18??????????? b(m,n)??? true??????
???? false????????P ′(2,5)(= P
′





2 ⊕ P ′4)??? 2??????
18?????????????????b(2,4) = false????
?? 5??? 2?????? 18????????????????? q?
???????????????????????? b(m,n)? false???
?????????????????????????????????














2: while c = 0 do
3: c⇐ 1
4: for m = 1 to 9 do
5: if b(m,m) is true then
6: for n = 1 to 9 do
7: if (b(m,n) is true) and (b(n,n) is false) then
8: P
′
(n,n) ⇐ P ′(m,m) ⊕ P ′(m,n)

















(o,o)(o = 1, 2, · · · , 9)(o (= m)






















• ?? 1?BCH(63,51)???? 51-bit XOR?????????
– ????? 5.3?? P ′i ? Pi????????????
• 63-bit XOR????BCH(63,51)?????????
• Algorithm 1????? P ′(m,n)? P(m,n)??????








? q?????p?DEP????? 5.5??? 5.10???????
? 5.5: p = 0.001 ? 5.6: p = 0.002
? 5.7: p = 0.003 ? 5.8: p = 0.004
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? 5.9: p = 0.005 ? 5.10: p = 0.006
5.1.4 ??
? 5.5??? 5.10?????????????????
?? 1? ????????????? q??????0.2 ≤ q ≤ 0.5????
???????? 2???? 3?DEP???? 1?DEP???????
?? 2? BFE??????? p????????? 0.003????????
????? 2?DEP???? 3?DEP???????




























? P ′(i,2)???????????????????Pi (= P ′(i,1)?? Pi (= P ′(i,2)
????????????????????????????????
???? P ′(i,i)?????????? Pi???????????????



















??????????? 9? (P1.P2, · · · , P9)?? 4? (P1, P2, P3, P4)?????
???????????????? 2????MS????????????
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? 8?????????????????? i? i = 1, 2, · · · , 9?? i = 1, 2, 3, 4
???????????? 2?? 3????m,n?m,n = 1, 2, · · · , 9??
m,n = 1, 2, 3, 4??????
??????? 2?? 3????XOR?????????????? 5.1
?????
? 5.1: ?????? 4?????????
P1 P3 P2 ⊕ P3 P3 ⊕ P4
P2 P1 ⊕ P2 P2 ⊕ P4 P4 ⊕ P1
?????????? q???? p?DEP????? 5.11??? 5.16?
??????
? 5.11: p = 0.001 ? 5.12: p = 0.002
? 5.13: p = 0.003 ? 5.14: p = 0.004
56





? 5.2: ?????? 5?????????
P1 P4 P2 ⊕ P3 P3 ⊕ P4 P5 ⊕ P1
P2 P1 ⊕ P2 P2 ⊕ P5 P4 ⊕ P5 P1 ⊕ P3
?????????? q???? p?DEP????? 5.17??? 5.22?
??????
? 5.17: p = 0.001 ? 5.18: p = 0.002
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? 5.19: p = 0.003 ? 5.20: p = 0.004




? 5.3: ?????? 6?????????
P1 P5 P2 ⊕ P3 P3 ⊕ P4 P5 ⊕ P6 P6 ⊕ P1
P3 P1 ⊕ P2 P2 ⊕ P5 P4 ⊕ P5 P1 ⊕ P4 P3 ⊕ P6
?????????? q???? p?DEP????? 5.23??? 5.28?
??????
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? 5.23: p = 0.001 ? 5.24: p = 0.002
? 5.25: p = 0.003 ? 5.26: p = 0.004
? 5.27: p = 0.005 ? 5.28: p = 0.006
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5.2.4 ??











? 3??????BCH(63,51)????51-bit XOR????? 63-bit XOR?
????????????????????? 5.4???????
? 5.4: 1?????????????
BCH(63,51) 51-bit XOR 63-bit XOR




??? 1? BCH(63,51)???? 9?
??? 2? BCH(63,51)???? 9????63-bit XOR???? 15?




?????????????????? 0.74 × 9 = 6.66[mW]?????
??? 63-bit XOR???? 15??????????????????
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? 0.005 × 15 = 0.75[mW]????????? 2???????????
6.66 + 0.75 = 7.41[mW]???? 2??????????????????
????????????????? 5.5???????
? 5.5: ?????????????
BCH(63,51) 51-bit XOR 63-bit XOR Total Power
??? 1 6.66 - - 6.66
??? 2 6.66 - 0.75 7.41
??? 3 13.32 0.60 - 13.92
?????????????? 3???? 1???? 2???????
? 2???????????????????????? 3???? 1?
??? 2??????????BCH(63,51)?????????????
???????






















p? 0?? 0.50?? 0.10?????????? 0.01????????????
q? 0.001?? 0.006?? 0.001?????????????????? 10?
?????

































































































? 5.34: p = 0.006




p? 0.001?? 0.006???????? q?ANDP?????? p????
????????????????????????????? p???
???????????????????
• q < 0.35???????ANDP? 1???????????????
???? 0?
• 0.35 ≤ q < 0.48???????ANDP? 1?????? 2?????
?????????????? 1?
• 0.48 ≤ q???????ANDP? 2?????? 3????????
??????????? 2?
??? 2
??? 1?????p? 0.001?? 0.006???? q?ANDP??????
p??????????????????p = 0.001??? 5.29?????
??????????????????????????
• q < 0.38???????ANDP? 1???????????????
???? 0?
• 0.38 ≤ q < 0.46???????ANDP? 1?????? 2?????
?????????????? 1?
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• 0.46 ≤ q???????ANDP? 2?????? 3????????
??????????? 2?
???p = 0.006??? 5.34?????????????????????
??????????
• q < 0.30???????ANDP? 1???????????????
???? 0?
• 0.30 ≤ q < 0.42???????ANDP? 1?????? 2?????
?????????????? 1?
• 0.42 ≤ q < 0.49???????ANDP? 2?????? 3?????
?????????????? 2?




p? 0.001?? 0.006?????????? 1????? q?ANDP???
??? p?????????????????????????????
???? p??????????????????????
• q < 0.38???????ANDP? 1???????????????
???? 0?
• 0.38 ≤ q < 0.46???????ANDP? 1?????? 2?????
?????????????? 1?






• 0.35 ≤ q < 0.38?????? 1?????????????? 1???
?????? 2???? 3????????????????? 0?
?????
• 0.46 ≤ q < 0.48?????? 2???? 3?????????????
? 2????????? 1????????????????? 1?
?????
• ??? 2??????? q???????????????????
????????????????
????q < 0.38?????? 2???? 3??????????? 1??
??????0.46 ≤ q???????? 1??????????? 2??
?? 3????????????????
p = 0.006??
• 0.30 ≤ q < 0.35?????? 2?????????????? 1???
?????? 1???? 3????????????????? 0?
?????
• 0.35 ≤ q < 0.38?????? 1???? 2?????????????
? 1????????? 3????????????????? 0?
?????
• 0.42 ≤ q < 0.46?????? 2?????????????? 2???
?????? 1???? 3????????????????? 1?
?????
• 0.46 ≤ q < 0.48?????? 2???? 3?????????????
? 2????????? 1????????????????? 1?
?????
• 0.49 ≤ q?????? 2?????????????? 3??????
??? 1???? 3????????????????? 2??????
• ??? 2??????? q???????????????????
????????????????
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????q < 0.38?????? 3??????????? 1???? 2??








???????q??????0.2 ≤ q ≤ 0.5??????????????
???BCH????????????????????????????
???????????????????????????????q?
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